ABSTRACT Nowadays, remote collaborative learning tools for computer science education mostly emphasize providing learning resources and realizing virtual collaborative learning environment for students. Many people in this field tend to have their mind fixed on the process improvement of such a collaboration as a whole, while few notice that individuals may have different roles and impacts on this type of teamwork. There usually is a ''supervisor'' on the team, who offers support to all members in the collaborative learning environment. However, such support may not always be as accessible as students demand it to be. Therefore, this paper describes a cloud-based tool to support software engineering practice courses in collaboration with remote tutors. This system utilizes a cloud storage platform to provide sharing of multimedia study materials and a better management of project developing cycles. A remote collaborative component called the Virtual Debug Laboratory is designed to improve and share students' debugging experience in the same team. The most innovative feature of this system is that it amplifies the role of tutoring in remote collaborative learning environments so that tutors can, in real time, assist students in debugging during actual project developing and demonstrate step by step to the students the process of debugging. The results of the analyzed data regarding the use of this system indicate that the system can potentially enhance students' abilities in project developing and debugging in software engineering practice courses. It is our hope that these preliminary data can provide a future reference for the software education community.
I. INTRODUCTION
Compared with a computer science degree, usually it is recognized that the Master of Software Engineering (MSE) program should be more engineering-oriented, which means enhancing the practical project development ability of students is the emphasis of the program. Since these students are often spread throughout the country and most of the IT practice courses need to change contents quickly to accommodate the rapid pace of IT industry, conventional face-toface, lecture-based teaching method is no longer suitable for this scenario. A new teaching model which supports remote self-learning and collaboration is desired.
The integration of computer technology into education systems increases the quality and availability of information and is also altering the teacher-student relationship. E-learning systems, especially remote E-learning systems which provide education materials using electronic technology, allow students to study with more convenience and lower costs since they can receive their learning without the restriction of time and space. Remote teaching was applied in few schools in China before 2005, when the ''network teaching and research of new curriculum'' project was first officially approved by China's Ministry of Education. Many related studies, however, can be found after 2005; some are theoretical analysis about the general patterns of remote teaching [1] , [2] , while some focus on the applications of a variety of network tools such as web site, blog, mooc, etc. from a technical point of view [3] , [4] .
However, most of online teaching systems are still teachercentered, thus not favorable for IT engineering practice courses, such as Java EE, .NET. In these types of courses, the cooperation between students and teachers is essential, and active learning is needed for students. Computer Supported Collaborative Learning (CSCL) is another emerging branch of learning sciences focused on studying how to maximize the performance of community and personal learning in a cooperative way with the help of computers. CSCL stresses collaboration among the students, and the learning takes place largely through their interactions. Most typical CSCLs focus on building computer-mediated communication environments. However, this is not enough for IT engineering practice courses, in which students are better off working with a complete virtual collaborative environment to receive detailed help on programming and debugging.
This paper introduces an attempt to design a studentcentered collaborative model using cloud-based virtual computing environment. This research focuses specifically on how to improve the learning of MSE students who are studying software engineering practice courses that include theoretical subjects and practical laboratories. A questionnaire is implemented to investigate which items contribute more to the students' learning experience of. Based on that, a new remote collaborative teaching model is developed -the Virtual Debug Laboratory (vdl), in which students can get the experts' help timely when they are programming and debugging for the courses' projects. The structure of this paper is as following:
First, the current situation and problem of MSE practice courses are investigated in China and a viable solution is provided.
Second, the concept of VDL is introduced in an effort to help improve students' collaborative debugging ability.
Third, the results of the project implemented on MSE students from the 2014 and 2016 sessions are analyzed and summarized in hope to serve as a future reference for the software education community.
The rest of this paper is organized as follows. A survey of e-learning technologies and CSCL is presented in section 2. In section 3, a detailed questionnaire with conclusions is shown. The RECT prototype is presented in section 4. Preliminary results of our project are shown and discussed in section 5. The paper is concluded in section 6 with directions for future work.
II. RELATER WORK
The mainstream e-learning technologies based on real time environment are Learning Management Systems (LMS) and Learning Content Management Systems (LCMS). LMS mainly provides online learning services for users, while LCMS focuses on managing and publishing learning contents. For example, a web platform, called Proteus in [5] , is designed to provide a place where students, educators, and academic researchers can easily create and share their computer models of physical systems. A graphical modeling and simulation tool called ProteusGWT is used for this platform. Its ultimate goal is to become an online interactive repository for all kinds of physical system models. The comparative analysis of the most popular e-learning systems in respect of their use in a teaching process was made by Pyzik [6] . Based on whether synchronization with teachers and students is supported, it can be categorized into two categories as suggested by Welsh et al. [7] : a. Asynchronous e-learning system: it is the common style of most e-learning systems, such as asynchronous web-based learning (WBL) systems. All teaching materials are prerecorded or available to learners at any time from any location. A learner can start and stop whenever he wants. It is to learn professional knowledge without the constraint of time and space [8] , [9] .
b. Synchronous e-learning system: this system requires all learners to be in front of their computers at the same time. In fact, it is similar to a virtual classroom, where all students are accessing the same information [10] .
An e-learning system can be individualized or Groupbased [11] . An individualized e-learning system refers to situations where an individual learner is accessing learning resources via the network. Group-based e-learning system can be asynchronous or synchronous. The former refers to situations where groups of learners are working online independently and information exchanges among participants occur freely. The latter refers to situations where groups of learners are working together in real time.
An interactive multimedia e-Learning system is, in [12] , developed to provide industrial engineering programs with a complex, problem-solving based learning environment. Deperlioglu and Kose [13] depict how to integrate face-toface and online learning in a Data Structures and Algorithms course to reach a Blended Learning Approach. Based on experiment resultsčthis mixed method, compared to traditional face-to-face learning, provided more effective and efficient learning experience. Students can receive more support from teachers and the learning system, therefore achieving better academic performance. In [14] , in terms of students of engineering graphics, the author proposes an Interactive Learning Management System (ILMS) as a webbased Spatial Visualization Ability (SVA) learning support tool, which is consisted of four parts (1) a content management system; (2) a preliminary level assessment test system; (3) a web-based exercise management tool; (4) a database. InMarkovic [15] , Hammami [16] , Jovanovic and Jovanovic [17] , and Zafar and Albidewi [18] , dedicate to achieve a self-adapting e-learning system. Markovic et al. [15] focuse on ways to personalize students' learning materials and methods of learning when developing the e-learning systems. As a result, an adaptive learning system is created, which maintains a learning style profile for every individual student and consults students with their learning materials and test prep based on the profiles containing information of their learning habits and abilities. In [16] , a distributed intelligent multi-agent system is utilized for the elearning system architecture. The author utilizes Object Petri Nets to achieve real time communications among agents. Jovanovic and Jovanovic [17] demonstrate an adaptive e-learning system based on Dokeos open-source e-learning environment, which aims to enable personalized e-learning for computer science courses. This system can, based on individual student's level of courses, learning habits and interests, provide personalized learning materials. Aasim [18] utilizes intelligent tutoring technique to personalize users' course contents and offer advice. They designed an adaptive e-learning framework called e-Learning Guide systemčwhich is used in SQLDA Database Language course for undergraduates. The main goal of [19] is to improve graduate students' professional skills in comparison to traditional educational approaches which are only based on theoretical classes. In the article, the author demonstrates a web-based tool called EduSysProVAL. This tool enables schools to work with local software industry to offer more access to real-life industries to Software Engineering courses. Marti and Nez-Caro [20] and Violante and Vezzetti [21] explore methods to evaluate these e-learning systems. In [20] , EVA analyzes industrial engineering students' production management courses to evaluate all the factors that contribute to the efficiency of engineering e-learning courses. The author discovered that interaction is the key to successčand that it is crucial to teach students how to use online learning effectively. Maria [21] gives a real virtual 3D electroencephalogram e-learning application as an example and utilizes Kano's quality model to evaluate students' satisfaction regarding the learning application. The main feature of this application is that it develops a webbased interactive learning app to train biomedical engineering students on how to use medical devices. The results show that the transparent interaction feature leads to positive user satisfaction.
CSCL is often conflated with e-learning, though there are a number of problems with this view. An historical perspective of CSCL was made by Stahl. Stahl argues that in CSCL, teachers organize activities in the form of virtual teams in the process of collaborative teaching or research in the network [22] . The virtual teams are generally more objective and organized for the teaching or research task. Compared with Non-Collaborative Distance e-learning, CSCL emphasizes more on the interaction between people instead of the acquisition and transmission of knowledge between humans and computers. Currently, various CSCL tools are used, such as awareness tools that support positive social interaction [23] and negotiation tools that support group social skills and discussions [24] . In [25] , a virtual classroom is proposed to support collaborative learning. The virtual classroom integrates knowledge of stimulating didactical principles and experience with modern communication technologies. As a result, users can contact one another and collaborate. Garcia et al. [26] try to introduce new technologies into the teaching context to improve knowledge construction other than file sharing and limited discussions. A realtime, web-based experimentation tool under collaborative environment is developed. This tool is mainly used for undergraduate FPGA-Based Digital Image Processing courses and supports diverse digital image processing practices experiments.
Another important factor in widening the scope of webbased e-Learning for engineering disciplines is the development of remote, virtual laboratories that can provide practical experience and enhance programming skills of engineering students, since experimenting in physical labs is not always as accessible. Stefanovic presents the pre-requests, architecture and software realization of web-based laboratory named WebLab [27] . It provides remote access to real laboratory equipment using contemporary computer and network technology for creating the environment and it can be integrated into an e-learning environment. The development and testing of a web-based remote laboratory is also described by Mir [28] . It mainly focuses on basic electrical engineering courses. The digital camera and audio are used to provide the remote user multimedia services. The practical applications of the four visualization techniques are described by McGrath [29] . These techniques can be useful for monitoring and studying online users' activities in settings where thousands of users are involved in web-based educational endeavors. Carlos [30] , integrates virtual and remote laboratories into collaborative learning environment and proposes an original approach, which allows users to share experience when working together.
III. MOTIVATION
MSE is an emerging discipline in China. Due to the engineering-oriented characteristics, most software colleges set up more practice courses. For example, the School of Software Engineering at the University of Science and Technology of China offers multiple project developing programming courses. Besides the basic object-oriented design, .NET framework and Java EE framework, there are also courses designed for specific platform and higher level, including IOS programming, Android programming, lightweight Java framework, and embedded programming. All of those above are called Engineering Practice Courses and they all have one aspect in common that students need to do programming practice for the materials during lectures. Therefore, we designed project developing groups consisted of students in these courses and have them develop simple projects based on course materials. The development happens simultaneously with the lectures and the lecturers will later address specific issues regarding problems students encounter during their project developing. However, in reality, this has not proven to be effective as desired, because lecturers cannot dedicate enough time to each group and individual project. After completion of the course, quite a few students are still not qualified for individual project developing. In order to find the problems in these engineering practice courses, a detailed questionnaire is conducted among 238 MSE students that are randomly selected in the 2014 and 2015 sessions at our school. Figure 1 shows the results (items can be multi-selected).
The meanings of items A-G are as following: A. Lack of proficient programming and debugging skills B. Insufficient teamwork skills 1. Almost all of the students think programming and debugging without help are very difficult, since they are more familiar with replication experiment compared with project development, especially those with very little coding experiences. They are very eager to get peer-to-peer coaching from the teacher when they are programming and debugging for the project.
2. Most of the students are not good at dividing up the work when collaborating with a team.
3. Some students complain that course materials are not enough and they cannot understand certain theoretical parts of the course.
Intuitively, problems will be well-handled if we increase the number of teachers who can join their teams and give them guidance face to face. However, the current situation is that most schools in China are running short of manpower. For example, at our school there are over 100 students registered to Java EE courses with only one teacher. It is common in most universities in China. Therefore, we need other solutions.
IV. RECT PROTOTYPE A. ADAPTIVE E-LEARNING IN RECT
We ultimately came up with a solution: besides an elected team leader from each group, a tutor is brought in for each group. Since many former graduates have worked in IT companies, we think it is a better solution that we invite them to be the tutors. Thus, in our project, the participants include teachers, tutors, and students. 1) Teacher: usually, there is only one teacher in our design. With the rapid pace of IT technology, it is impossible and unnecessary for a teacher to master all related subject knowledge. Therefore, in our model, teachers are the overall planners, monitors, and a good learning activity organizer. They are also in charge of the tutors and may revise syllabus based on tutor's feedback.
2) Student: a student in this paper specifically refers to the beginner in IT practice courses who wants to improve his programming skills. He has some self-learning ability and theoretical knowledge but few practical experiences about programming and debugging. The main task for students is to complete the projects of respective courses. They can also give feedbacks to their lecturers and tutors regarding issues they run into when developing their projects.
3) Tutor: tutor is an important role in the system. Usually tutors are former graduates who are currently employed in various companies. They have firsthand resources with the new technology and have rich experience with practical programming. Every student project developing group is equipped with a tutor. The tutors' job is to, based on the materials covered in the lectures, coordinate with the team leader of each group and come up with the overall agenda to finish the projects. They are also responsible for supervising the activities of students, helping students with real-time debugging, and giving feedbacks to the teachers regarding the projects so that the teachers can reflect them in lectures.
The REmote Collaboration Tutor (RECT) model realizes the method of adaptive E-learning and integrates face-to-face communication as well as remote collaboration, as shown in figure 2 . First, the teacher comes up with a syllabus and provides related materials. After introducing the contents of the course, the students form project developing groups of 3 to 4 members and each group is offered the list of tutors for them to contact. When the group is officially formed, the group will choose one of the given projects under the tutor's advice. The tutors then supervise the progress of their groups' project and offer instructions and assistance. Then the group uses iterative development to approach their project. After every development cycle, the group reconvenes to reflect issues and suggestions to their teacher and tutor in an effort to revise teaching materials and adjust overall teaching progress and depth. After many development cycles, the project is finished after project code and files are submitted. Throughout the project development, the tutor is involved in every development cycle to evaluate what the students need, help resolve programming and debugging issues, and offer suggestions as to what developing framework and platform to use. 
B. SYSTEM ARCHITECTURE
The only issue with RECT is that these tutors are former graduates who live or work in different cities in China. It is impossible for them to communicate face-to-face with students. Therefore, a remote collaborative tutor system is designed to carry out this idea. The system architecture of the proposed RECT model prototype is demonstrated in Figure 3 . The bottom level in the system is a cloud storage platform, which provides the basic storage service. As the moment, HDFS is adopted. Based on it, some basic application tools are designed and deployed. These tools include: a forum system, in which students and teachers can publish course-related materials and post comments and announcements; a resource sharing tool (RST), where users can upload and download resources in Word file, Excel file, PowerPoint file, PDF file; an online communication tool (OCT), through which users can exchange idea, information, and send files in real time; a cloud-based project management tool, which is applied to manage the whole life of one project and record all bugs. In the meantime, students and tutors can record and check all issues encountered during project developments as well as respective solutions. A Virtual Debugging Laboratory (VDL) provides students the ability to share their programming and debugging experience remotely. We will give its detailed description in the next section. On the top level, like SaaS, any available application is wrapped as a service, which is accessible by the consumer from various client devices through a thin client interface such as a web browser. We call it Education as a Service (EaaS).
A Cloud Scheduler is assigned to aggregate all resources related to a class in Figure 4 . The actual work is assigned to two types of nodes: resource management node (RMN) and collaborating management node (CMN). The former deals with controlling all documents which are stored into Cloud storage, while the latter sets deals with collaborating environments for various project teams based on VDL technology. The RMN is relatively easy to implement since HDFS higher management interface is invoked to manage resources. The details of CMN is discussed in the next session. Based on two types of nodes, a registered user, such as a team member (TM) A can log in to the system, then get the file list related to the class. He can download any document or upload a new file which he thinks is a good supplement. 
C. THE IMPLEMENTATION OF VDL
The VDL is the core component of our system to implement collaborative coding and debugging remotely. As shown in Figure 5 , the implementation of VDL can be seen as an extension of remote desktops. It has two parts: the CMN and the Virtual Debugging Client (VDC). In this figure, the dotted line is used to illustrate the control information sent between CMN and team nodes, and the solid line represents data information transferred from the program runner to the other team members.
The CMN as the centralized server is responsible for verifying authority and maintaining Debugging Room (DR) lists. It mainly consists of three components: collaboration management, user management, and room management. VDC is a client tool installed in any user' machine, which has five modules: display module, execution module, communication module, collaboration control module, and screen capture module. The step of sharing the process of coding and debugging is as following:
1. The collaboration control module in the initiator's machine (VDC A in figure 7 ) sends an apply message to the room management module in CMN to open a new DR, as shown in Figure 6 (a).
2. Others in the same team with VDC A (such as VDC B or C in figure 7 ) can query DR info from the room management module in CMN, and they can join any DR opened by others from this team and reserve a seat in it. They are called observers.
3. Then VDC A can start collaborative debugging. First it obtains the list of reserve seats from CMN and gets all observers by contacting with the room management module in CMN.
4. Then the collaboration control module in VDC A sends a query message to the user management module in CMN to get all observers' information.
5. When the initiator debugs programs, the screen capture module in VDC A dynamically transfers the screen image to the communication module, which starts the multi-thread module and sends its screen image to these observers, as shown in Figure 6 (b). The display module in observers shows the received content on their screen. If all observers are in the same local network as the initiator, multicast mechanism will be adopted to decrease network overload. All observers can see the whole debugging process on their own screen.
6. If the initiator encounters some problems during this process, he will ask all observers for help. This will open the distributed remote control mechanism.
7. The collaboration control module in observers who think they can offer assistance sends an apply message to the collaboration management module in CMN. CMN adopts a distributed lock to fulfill synchronized control to the targeted computer.
8. Once an observer such as VDC C gets the lock, CMN will notify VDC A and VDC C.
9. Then VDC C can send its operations such as mouse positions and button actions to the control module of VDC A and then manipulates this machine remotely to continue later process of coding and debugging in this machine by the execution module.
10. The screen image of VDC A will still be sent to all observers. Other observers who did not get the lock can apply again if they want. CMN is responsible for coordinating between team members. If VDC C agrees to release the lock, then another one who gets the lock successfully can continue the whole process again.
V. RESULTS AND DISCUSSIONS
The system we have implemented is presented in the previous section. Our initiative was to give students practical help when they are debugging during project development process. In order to prove it is effective, a set of experiments are implemented to examine the authenticity of the VOLUME 5, 2017 prediction. Students in all experiments are randomly selected from postgraduate freshmen enrolled at the School of Software Engineering at the University of Science and Technology of China. About 60% of them majored in computer science related fields when they were undergraduates. 20% of the students are girls, which shows typical gender demographics at most Schools of Software Engineering in China's universities. The major results are summarized in this section.
The initiative of this project is exploratory, as it primarily aims to observe whether students can benefit from the RECT model and the VDL. Students' own opinions are collected by anonymous questionnaires. We select three sets of users composed by students in the Java EE course, the .Net course, and the object-oriented programming course respectively.
A second set of experiments was designed to find out the relationship between score improvement and RECT model quantitatively. Particularly, we want to know which components in the system, such as communication tools and VDL, has the biggest impact on score improvement. In this case, all data were collected from students' score database.
Finally, based on previous experiments, an ultimate research question arose. Can all students really benefit from the system? If the answer is yes, then do they achieve the benefits in similar or distinct ways? It is recognized that there are many different uncontrollable variables in the student body that may potentially contribute to the result. In order for the study to continue on, three variables are selected as primary contributes for the experimental design, which are sex, enrollment scores, and major for BS degree.
A. ANONYMOUS QUESTIONNAIRES
There are three groups of subjects, each containing 60 randomly selected students from one particular course -group J from Java EE courses, group N from .Net courses, and group O from object-oriented programming courses. All subjects answer four identical multiple-choice questions. Question According to the results, very few students claim to have received no benefits from the tutors, RECT model, or VDL. In terms of question (1), there is a relatively consistent answer among three groups of students as most people choose either ''Greatly'' or ''Largely''. Same applies to question (2) . Regarding question (3), however, there is a decrease in number of students from group O choosing ''Greatly'' compared to group J and N. A potential explanation for this is that object-oriented programming is a relatively basic, lower level course. Students in this course deal with relatively less complex coding exercise and debugging process. Therefore, some of them might not need the extra assistance from the VDL. As for question (4) , it can be seen that most students think the VDL is good for easy operation and friendly interface.
B. IMPACT ON STUDENTS' PERFORMANCES 1) STUDENTS' TEST SCORES IN JAVA EE COURSES
In order to study how the RECT model could affect students' test scores, data of grades are collected in Java EE courses in 2014 and 2016. The Java EE course is one of the most challenging courses in our MSE program. It covers a substantial amount of materials within only 40 hours of lecture. The final evaluation of the course is consisted of two sections -a theoretical section and a project development section. Column 2 in table 2 represents the total number of students attending the exam, while the following columns indicate the number of students in the respective score range. The design of the RECT model first started in 2015 and the model has been used extensively since 2016. Therefore, students from 2014 and 2015 shown in the table did not use the RECT model. It is evident in table 2 that the average score is seeing a significant increase in 2016 compared to two previous years. Also, there are more students in the score ranges above 70 than previous years, which indicate that the RECT model has contributed to an improved test performance overall. In the meanwhile, it is noticeable that there is a greater increase in the amount of students in the range of 80 to 89 than that above 90. A speculation to account for this is that those who score above 90 are already very capable students with or without the RECT model. They are generally better at self-teaching and debugging and benefit relatively less from the model, and therefore their grades are not affected as much compared to students in other score ranges. On the other hand, the model is proven to be more beneficial to students within the medium score ranges, offering them more project developing exercise and experience.
2) STUDENTS' PROGRAMMING ABILITIES
In this section, we are investigating how the components of the RECT Framework contribute to the improvement of the students' programming abilities. 72 students are randomly selected from the .Net class and are divided equally into three groups. The 24 students in group A use RST and are not assigned to tutors. Group B uses OCT and can communicate with tutors remotely. Group C uses VDL and their tutors can demonstrate and monitor the debugging process directly. There is also a group D set up for reference consisting of 24 randomly selected students from the 2016 .Net class who did not use any RECT components.
Considering that test scores cannot reflect comprehensively the relation between the model and improvements in subjects' programming abilities, we evaluate the subjects based on the completion of their projects. The project is a typical browser-based application: Pet Store. The most basic task for the student subjects is accomplishing functions including administrative ones like client sign-ups, logins, as well as commercial ones like trading. These altogether count as 70 percent of the overall project. On top of that, subjects can choose to include more functions to increase their project completion. Table 3 shows the final results. Columns 2, 3, 4, and 5 represent the number of students in different completion status of the project.
Overall, group A, B, and C show a higher average completion than group D. Therefore, it can be concluded that RECT components do contribute to the improvements in students' project developing abilities. Moreover, compared to group A and B, group C has a significant higher completion rate with only one student achieving below 70 percent but tremendously more students above 90 percent. As a result, we speculate that for learners with less project developing experience, a collaborative developing process would require more than using online chatting and watching teaching videos. A more direct tool like VDL can be much more effective.
C. IMPACT OF DIFFERENT FEATURES OF STUDENTS
Features of students contain distinct aspects that may potentially affect their usage of the RECT model. Three of them are studied in this section to understand their influence on the effectiveness of the model -sex, major for the bachelor degree, enrollment test scores. In table 5 and 8, we label students who major in computer science ''C''. ''(C)'' represents the number of students majoring in computer science. We also label those who major in other fields ''O'', and ''(O)'' represents the number of those who major in other fields. While the full score of the enrollment test is 150, in table 6 and 9, we label those who score higher than 110 ''H'', and ''(H)'' represents the number of those who score higher than 110. We also label those who score lower than 110 ''L'', and ''(L)'' represents the number of those who score lower than 110.
There are relatively fewer female students studying software engineering. However, in terms of sex, female students seem to have a higher interest in using the RECT model. Table 4 shows a higher frequency of choosing ''Greatly'' or ''Largely'' among female students in all three questions than male students. Furthermore, no one chose ''Some'' or ''No'' for the third question regarding the VDL and no females chose ''No'' for the introduction of tutors. Table 7 also shows an overall improvement in grades among female students after they used the RECT model. This phenomenon can probably be accounted for by the fact that female students are generally more introverted in China. They are better at selfteaching instead of face-to-face communication and therefore can handle theoretical materials better than real-life programming situations. As a result, the RECT model provides a reachable platform for them to consult and cooperate with each other more efficiently, making them the ones benefiting the most from the model.
Every year, about 40% of the students who are noncomputer science majors enroll in our MSE program. These students typically have taken fewer computer science courses in college than the computer science majors and have their VOLUME 5, 2017 computer-related knowledge limited to only several operating systems and a few basic programming languages. Therefore, we investigate whether the RECT model has the same impact on helping students with computer science major and non-computer science majors. Surprisingly, results in table 5 and 8 show little difference in grades improvements between the two types of students after they used the RECT model. In fact, students who majored in computer science do not show any advantage in programming skills but are also eager to use the RECT model to help them study like those non-computer science majors. We speculate that most of these students with computer science major did not develop a solid fundamental skill set for programming in their colleges. They focused too much on the theoretical part of the program rather than practical project developing skills. Their abilities to apply what they learn are not significantly better than those who did not major in computer science.
Last but not least, we study whether scores of graduate school entrance exam have an influence on the usage of the RECT model. Table 6 shows that, regardless of the exam scores, most students recognize tremendous improvements in their programming abilities after using the RECT model. Table 9 indicates that those who entered the program with higher exam scores have received similar degree of increase in their grades after using the model compared to those with lower exam scores. Therefore, it can be concluded that scores of the graduate school entrance exam have very little influence on the effectiveness of the RECT model. This could be due to the problem that the entrance exam test students theoretically but neglects the importance of real programming and debugging abilities. This should absolutely raise awareness among our program enrollment staff to test more on the applicants' real-life programming and debugging abilities.
VI. CONCLUSIONS AND FUTURE WORKS
In this paper, a RECT learning model is presented specifically for Master of Software Engineering students to provide them with practical project developing experience and enhance their programming skills. We first examined the problems teachers and students typically face in engineering practice courses. Then, a computer-aided system is designed, which adopts cloud platform to promote sharing of curriculumrelated resources with the remote collaborative system to enhance the interaction between distant team members. Particularly, we present a unique VDL tool to provide students with debugging experience shared in the same team. Finally, we show the results and experience gained from this project.
In the software engineering community, this has so far been the very first attempt to enhance MSE students' programming and debugging skills with a tool like VDL. Our project can serve as a reference for others in the community. The results obtained are only from a relatively small set of data from the experiment. We have only selected students from three engineering courses in one school in China. The sample population may have some bias. Whether these results can be extrapolated to populations of other disciplines or even in other countries are yet to be examined. In addition, only three features of students are considered in experiment 3. Whether other key features of students might influence the final results or the RECT model users remains unknown. More valid and reliable assessment methods shall be used to strengthen the evaluation of the model. Further experiments will be conducted to offer more insights.
